Allium roseum is an important medicinal and aromatic plant, specific to the North African flora 28 and a rich source of important nutrients and bioactive molecules including flavonoids and 29 organosulfur compounds whose biological activities and pharmacological properties are well known. 30 In the present study, the inhibition of amyloid beta protein toxicity by the ethanolic extract of this 31 plant is investigated for the first time. Preliminary biochemical analyses identified kaempferol and 32 Luteolin-7-o-glucoside as the more abundant phenolic compounds. The effects of A. roseum extract 33 (ARE) on amyloid beta-42 (Aβ 42 ) aggregation and aggregate cytotoxicity, were investigated by 34 biophysical (ThT assay, Dynamic light scattering and transmission electron microscopy) and cellular 35 assays (cytotoxicity, aggregate immunolocalization, ROS measurement and intracellular 36
supernatant incubated at 25 °C without agitation for 72 h. 141 Aβ 42 aggregation was evaluated by the (ThT) assay as previously described with some Aldrich), glutamine and antibiotics (penicillin and streptomycin) and maintained at 37 °C under 5% 167 CO 2 . Extract protection of SH-SY5Y cells against Aβ 42 aggregate toxicity was determined by the 168 MTT reduction assay. SH-SY5Y cells were seeded into 96-well plates at a density of 10 4 cells/well 169 and allowed to attach for 24 h. 25 μM of Aβ 42 aggregates grown in the presence or in the absence of 170 each extract (100 μg/mL) were diluted in the culture medium and administrated to the cells at a final 171 concentration of 2.5 μM (monomeric peptide concentration). In other experiments, the cells were 172 pretreated for 24 h with each extract (10, 25, 50 and 100 μg/mL: final concentration) and then exposed 173 to Aß 42 aggregates for 24 h. The cells were also treated with each extract (10, 25, 50 and 100 μg/mL: 174 final concentration) in the absence of aggregated material. After 24 h, the culture medium was 175 removed and the MTT solution (0.5 mg/mL) was added to all wells and incubated in the dark at 37 176°C for 4 h. At the end of the incubation, the cells were lysed using DMSO (100%) and the amount of 177 formazan produced was determined by measuring the absorbance at 595 nm using a Microplate reader 178 (Biorad). The intracellular levels of reactive oxygen species (ROS) were determined using the fluorescent 182 probe 2, 7-dichlorofluorescein diacetate, acetyl ester (CM-H 2 DCFDA; Sigma-Aldrich), a cell 183 permeant indicator for ROS that is fluorescent upon removal of the acetate groups by intracellular 184 esterases and subsequent oxidation. The latter can be detected by monitoring the increase in 185 fluorescence at 538 nm. The cells were seeded as described above for the viability assay and exposed 186 to Aβ 42 aggregates. After 24 h, 10 μM DCFDA in DMEM without phenol red was added for 30 min; 
Thioflavine T assay (ThT)

ARE counteracts Aβ 42 aggregation and inhibits its polymerization 245
To study the effect of ARE on Aβ 42 aggregation, we used the ThT assay on the peptide incubated 246 with four different concentrations of the extract (10, 25, 50 and 100 µg/mL). The kinetics of Aβ 42 247 aggregation in the absence or in the presence of ARE have been followed during 72 h (Fig. 1A) . The
248
ThT fluorescence emission of Aß 42 incubated under aggregation conditions in the absence of ARE 249 showed a typical sigmoidal curve, with a maximum peak of fluorescence after 24 h of aggregation. . Surprisingly, we also found that ARE exhibited a neuroprotective power; in fact, the 297 cytotoxicity of mature Aβ 42 fibrils grown in the absence of ARE was decreased when the aggregates 298 were administered to neuroblastoma cells pre-treated with ARE for 24 h (Fig. 3A ).
299
Differently from ARE, a dose dependent decrease of cell viability was seen when the cells were concentrations such that at 100 µg/mL kaempferol cell viability was increased from 32.72 ± 6.89 %, 304 to 90.6 ± 9.54 % respect to untreated cells (Fig. 3B) , a value approximately matching that measured 305 in cells treated with the same kaempferol concentration in the absence of fibrils (83.1 ± 8.32 %). We 306 also monitored, the effects of different concentrations of kaempferol (25, 50 and 100 µg/mL) 307 administered to cells prior to exposure to toxic Aβ 42 fibrils. In this case a partial reduction of fibrils 308 toxicity was observed (from 32.72 ± 6.89 %, up 60.7 ± 6.97 %, 78.52 ± 6.31 % and 70.87 ± 4.21 %, 309 respectively), as indicated by the MTT assay ( Fig. 3B ). ARE. Moreover, no apparent oxidative stress was seen in neuroblastoma cells pre-treated with 333 different concentrations of ARE before exposure to toxic Aβ 42 fibrils (Fig. 4A ). Finally, confocal 334 analysis showed that the intracellular level of calcium in SH-SY5Y cells exposed to Aβ 42 aggregates 335 grown in the presence of 100 µg/mL ARE was similar to that observed in control untreated cells 336 whereas it decreased substantially in SH-SY5Y cells incubated with Aβ 42 fibrils (Fig. 4B) . Overall, 337 these data suggest that ARE reduces the cytotoxicity of Aβ 42 aggregates through their reduced ability 338 to affect ROS and Ca 2+ homeostasis in exposed cells possibly by affecting aggregate interaction with 339 the cell membrane. Similarly to ARE, kaempferol inhibited the polymerization of Aβ 42 , suggesting that the latter affected 415 Aβ 42 aggregation alone, not in synergy with other molecules contained in the ARE.
416
In the present study, we also found that both of ARE and kaempferol not only reduced the 417 toxicity of Aβ 42 aggregates to neuroblastoma cells but also protected them against the harmful effects 418 of these dangerous aggregates. However, differently from ARE, which was non-toxic at all assayed pretreated with 100 µg/mL ARE were also unable to bind properly to the plasma membrane. Tsuchiya
432
[33] reported that flavonoid compounds, including kaempferol and luteolin, decrease membrane 433 fluidity, confirming that these compounds can bind directly to the cell membrane, an effect likely to 434 affect the Aβ 42 aggregate-cell membrane interaction, with loss of cytotoxicity.
435
The interaction with the cell membrane is considered at the basis of amyloid aggregate 436 cytotoxicity. In turn, the latter has been associated to the increase of intracellular Ca 2+ and ROS, two 
Conclusions
456
In conclusion, the present study indicates that ARE and its major compound kaempferol reduce 457 the toxicity of Aß 42 aggregates. The ThT results show that this extract inhibits the aggregation process.
458
The DLS data and TEM imaging indicate that it hinders the assembly of amyloid aggregates and the 459 formation of mature fibrils. The MTT assay shows that both ARE and kaempferol reduce and prevent 460 Aß 42 cytotoxicity to human neuroblastoma cells, SH-SY5Y. The immunolocalization of amyloid 461 aggregates indicates that ARE inhibits their binding to the cell membrane. Finally, the A. roseum 462 extract protects aggregate-exposed cells by counteracting the oxidative stress following reduction of 463 ROS production and free intracellular Ca 2+ levels. 
